


High-Speed Con- 
troller Board (2) 


part 2:circurt description and construction 


Design by Luc Lemmens 


In the June 2002 issue we introduced you to the DS89C420, the youngest 
member of the microcontroller family produced by our ever active friends 
at Dallas Semiconductor. This controller, although fully downward 
compatible with other devices from the 8051 series, is much faster and 
offers loads of extras. This month we continue where we left off by 
presenting a board which, helped by some free software from Dallas, 
forms the basis of a powerful yet affordable development system. 


The 8051 series is still extremely popular with 
hobbyists as well as professionals. Since the 
introduction of this microcontroller by Intel in 
the late 1980’s, a veritable galaxy of develop- 
ment tools, programs and subroutine libraries 
have appeared which are freely available to 
anyone with access to the Internet. Although 
the original controller has been extended 
with peripheral functions and its clock fre- 
quency raised by various manufacturers, the 
basic architecture of the 8051 core has 
remained virtually unchanged. With this con- 
troller, the frequency of the external clock 
oscillator is effectively divided by 12, simply 
because a machine cycle requires that num- 
ber of clock cycles. Dallas Semiconductor for 
the first time overhauled the internal struc- 
ture of the processor core in a successful 
move to eliminate the +12 clock prescaler. In a 
DS89C420, a clock cycle is the same as a 
machine cycle, so that the new controller is 
twelve times faster than its predecessors. 

In part 1 of this article we already hinted 
at extra features offered by the C420 while 
remaining compatible with older applica- 
tions. An 8051 or an 8032 may be replaced by 
a DS89C420 without problems — the new IC 
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is pin compatible and it will faithfully 
run old software although some tim- 
ing aspects may need to be looked 
at because of the much higher 
speed. 

The availability of Flashable 
memory on the C420 makes the chip 
extremely well suited to developing, 
debugging and testing of new appli- 
cation software and hardware. The 
Flash memory may be programmed 
many times over, while a monitor 
program (present in a reserved area 
of the chip memory) allows a new 
program to be downloaded into the 
controller via the PC’s serial port — 
all without the slightest problem or 
the need to pull chips etc. High time 
to see how what the Elektor High- 
Speed Controller Board looks like in 
practice. 


Hardware description 


The circuit diagram of the develop- 
ment board for the DS89C420 is 
given in Figure 1. Nothing unusual a 


first blush, you say, just another 8051 
board? The apparent absence of 
EPROM is compensated for by the 
(invisible) 16-kByte Flash memory on 
board the C420. Although nothing 
should prevent you from extending 
the circuit with external program 
memory to a maximum size of 
64 kBytes, it must be said that pro- 
gramming the board then becomes 
more difficult than with the standard 
configuration. The internal memory 
also has the inherent advantage of 
running at the full controller speed, 
plus you do not have to worry about 
timing problems when using a not 
so fast memory device (more about 
this further on). 

The DS89C420 is fully pin com- 
patible with other microcontrollers 
from the 8051 series, so we reckon 
its pin designations will be familiar 
to readers having seen (and built) 
some of our earlier projects based on 
the 8051 or its derivates. Only the 
clock oscillator circuit is slightly dif- 
ferent if the controller is to work at 
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relatively high quartz crystal fre- 
quencies. As you may know, quartz 
crystals of up to about 25 MHz usu- 
ally operate in fundamental fre- 
quency mode, while ‘third overtone’ 
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is more common with crystals for 
higher frequencies. The latter con- 
figuration requires the fundamental- 
frequency mode of oscillation to be 
suppressed. If not, a quartz crystal 


specified for, say, 33 MHz will cheerfully oscil- 
late at its fundamental frequency, 11 MHz. 
Hence an additional L-C combination (L1 and 
C18) has been added to the usual oscillator 
layout. That’s right, the two added compo- 
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Figure |. Circuit diagram of the DS89C420 development board. 
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nents force the crystal to oscillate at its third 
overtone (and your programs to run at maxi- 
mum speed). Table 1 lists the maximum value 
of L1 that may be employed with some com- 
monly applied clock frequencies. 

The address latch (IC4) and RAM (IC5) are 
standard for an 8051 application circuit. You 
will also see that most relevant control lines 
of the board are accessible for connection to 
the outside world via K1 and K2. These two 
connectors make it particularly easy to con- 
nect external hardware to the ‘C420 develop- 
ment board. 

A supply voltage of between 9 and 
15 VDC may be connected to the board via 
K5. A cheap mains adaptor (‘battery elimina- 
tor’) is perfect for this job. The raw 9-15 V 
input voltage is stepped down and regulated 
to a clean +5 V supply rail by IC2. This volt- 
age is used by the microcontroller and the 
other hardware. Diode D1 acts as a reverse 
polarity protection, preventing the circuit 
from taking damage if someone (not you, of 
course) accidentally connects the input sup- 
ply voltage the wrong way around on K5. 


Table I. 


Maximum value of LI with various 
quartz crystal frequencies 


Crystal frequency LI (max.) 
20 MHz 12 mH 
25 MHz 8.2 mH 
32 MHz 4.7 mH 


46 





The reset circuit around C17, S1, 
R1 and R2 is also aclassic. C17 and 
R2 provide a reliable reset signal to 
the microcontroller when the supply 
signal is switched on, as well as 
when S1 is pressed. Although R1 
limits the current that flows through 
C17 when S1 is closed, it hardly 
affects the reset signal proper. 

The serial interface using the 
MAX232 (IC1) has been applied in 
many other microcontroller circuits. 
Yet, this time there’s a difference: the 
DTR (data terminal ready) pin on the 
RS232 interface is used to drive three 
3-state buffers via IC1. When these 
buffers are activated (which hap- 
pens when DTR on K4 goes High 
with pin 7 of IC1 consequently at 
Low), the microprocessor signals 
RESET, EA (external access) and 
PSEN (program storage enable) are 
switched to an unusual state. Note 
that PSEN is normally an output sig- 
nal, so pulling it to a fixed logic level 
(0 V in this case), is remarkable. 

The resultant combination of logic 
levels at the three controller pins 
prompts the 89C420 to start the 
internal monitor program which, 
among others, allows you to com- 
municate with the controller via the 
serial port, erase the program mem- 
ory, program it, as well as read and 
verify it. The monitor program is 
located in a special memory area 


inside the microcontroller, which is 
only addressed if the DS89C420 is 
switched into ‘monitor’ mode. In 
other words, the monitor is not run 
from the regular internal memory. It 
is therefore best described as a ‘boot 
ROM’ for the microcontroller, which 
is normally invisible but remains 
active as long as the three buffers 
IC6a, IC6b and IC6c are being acti- 
vated. 

Once the three buffer outputs are 
returned to high impedance, the 
89C420 will behave like an ordinary 
microcontroller again, faithfully exe- 
cuting the instructions found in the 
program memory. 

The monitor is switched off when 
jumper JP1 is removed. This may be 
necessary if the controller board 
communicates with a PC by means 
of an ‘ordinary’ terminal emulation 
program like HyperTerminal (found 
under Windows Accessories). Such 
programs may keep DTR High per- 
manently, causing the microcon- 
troller to remain stuck in monitor 
mode and unable to run your appli- 
cation program. 


Construction 


With our target audience in mind we 
can be brief about building the High- 
Speed Controller Board. Not much 
can go wrong if you use the double- 
sided, through-plated board shown 
in Figure 2 (order code 020102-1) in 
combination with its silk screen 
component overlay and the informa- 
tion gleaned from the parts list. We 
recommend fitting the integrated cir- 
cuits in sockets. Do observe the 
polarity of the diode and the elec- 
trolytic capacitors. JP1 may be a 
jumper but also a simple on/off 
switch. 


Software 


The monitor program enables the 
microcontroller to communicate with 
the outside world. At the PC side, 
you will also need some software to 
be able to program or read the 
DS89C420. The Dallas Semiconduc- 
tor ftp site at 
ftp://ftp.dalsemi.com/pub/microcon- 
troller 

offers two free programs for that pur- 
pose: Microcontroller Toolkit (MTK- 
beta.zip) and Loader420 
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(loader420.zip). Whilst Figure 3 shows the 
two application programs side by side on one 
screen, only one of them is required in prac- 
tice. Although the programs are comparable 
as far as functionality is concerned, we favour 
Loader420 which has been specially written 
for our microcontroller. MTK is also suitable 
for other microcontrollers from Dallas Semi- 
conductor, hence it has more settings and 
options which makes it less easy to use com- 
pared with Loader420. Besides, MTK gave us 
a couple of Blue Screens when the scroll win- 
dows became too crowded. This was noticed 
with the example program we'll be dis- 
cussing further on, where external RAM is 
being read, and the content and address of 
each memory location is being shown on the 
display. When the window fills up with data, 
MTK eventually crashes and causes Windows 
to pop up the infamous Blue Screen (‘fatal 


COMPONENTS LIST 


Resistors: 

RI = 1kQ 

R2 = 39kQ 
R3,R4 = 10kQ 


Capacitors: 
Cl,C7,C8,C9,C12,C13,C16 = 100nF 
C2-C6,CI7 = 10uF 25V radial 

C10 = 470uF 25V radial 

CII = 47uF 16V radial 

C14,CI5 = 27pF 

C18 = 220pF 


Inductors: 
LI = see text 


Semiconductors: 


DI = IN4001 
ICI = MAX232CP 
IC2 = 7805 


IC3 = DS89C420-MCL or -MNL (DIP40, 
Dallas Semiconductor/Maxim) 

IC4 = 74HCT573 

IC5 = 62256 (8 x 32k, speed min. 100ns) 

IC6 = 74HCT125 


Miscellaneous: 

JPI = jumper 

KI = 20-way SIL header 

K2 = 34-way boxheader 

K4 = 9-way sub-D socket (female), angled 
pins, PCB mounting 

K5 = 2-way PCB terminal block, lead pitch 
5mm 

S| = pushbutton with make contact 

XI = 33MHz quartz crystal 

PCB, order code 020102-1 (see Readers 
Services page) 


Figure 2. Double-sided through-plated printed 
circuit board designed for the High-Speed 
Controller Board (available ready-made). 
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Figure 3. Both PC program utilities on one screen. 


non-crossed sub-D extension cable 
(not a zero-modem cable). The con- 
troller board may be powered by just 
about any cheap 12-VDC mans adap- 
tor. Next, run Loader420 on the PC. 
The first time it is run, Loader420 
will select COM1: as its serial port. If 
necessary, this selection may be 


exception error’). Not very encouraging, of 
course, and enough reason for us to abandon 
MTK and continue working with Loader420. 


Connecting up and initial testing 


Connect the completed DS89C420 board to a 
free serial port on your PC, using a 9-way 


Ë Loader420 (0.01 Beta} Rl xi 
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Figure 4. Loader420 in action. Note the command prompt. 
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modified in the menu Ports/Select 
Port Settings. There, you will also be 
able to change the baudrate used on 
the serial link. When you quit 
Loader420, your communications 
settings are saved, so you don't have 
to enter them again during the next 
session. 

It should be noted that the moni- 
tor program is generally called Serial 
Bootstrap Loader in the DS89C420 
documentation. To preclude confu- 
sion with the Loader420 utility run- 
ning on the PC, we will continue to 
use the term ‘monitor’. 

Not surprisingly, the serial chan- 
nel is opened by clicking on the 
Open button. This, however does not 
yet establish communication with 
the microcontroller. In fact, that does 
not happen until you click on the 
Loader button. The DTR line on the 
serial port is then pulled High and 
the previously mentioned buffer 
triplet switches the controller into 
monitor mode. The DS89C420 will 
respond by producing a command 
prompt as illustrated in Figure 4. 
The microcontroller will automati- 
cally determine the speed (baudrate) 
of the communication with the PC. In 
fact, the monitor program will 
attempt a couple of baudrates by 
trial-and-error adaptation of the 
Timer1 reload value. If no prompt 
appears on your PC screen, commu- 
nication with the controller is appar- 
ently not possible. In that unfortu- 
nate case, check your board for pos- 
sible construction errors (with 
special attention given to the polar- 
ity of the electrolytics around the 
MAX232), the power supply, the 
physical link to the PC, and make 
sure the proper communication port 
is being used. If everything appears 
to be in order and the DS89C420 still 
fails to communicate after clicking 
the Loader button, you will be forced 
to choose a different baudrate on 
your PC. If you do not like calcula- 
tions, simply try out different set- 
tings until the DS89C420 greets you 
with its command prompt. This trial 
and error process is simple but does 
require the serial port to be closed 
using the Close button, the new bau- 
drate to be set and the port to be 
opened again by clicking on Loader. 
If you do not follow this cycle, the old 
setting will continue to be used and 
you are none the wiser. 
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Readers who are happy to use 
their pocket calculator will care to 
know that the monitor program is 
capable of detecting the baudrate 
(within limits), and ‘adjust’ the 
microcontroller for the corresponding 
settings. The monitor employs the 
microcontroller’s serial port 0 in 
Mode 1 (asynchronous communica- 
tions, 1 start bit, 8 data bits, no par- 
ity, 1 stop bit, full-duplex), with 
Timer1 in 8-bit auto-reload mode and 
PCON.?7 at logic High. What it boils 
down is that the relation between 
the baudrate, crystal frequency and 
Reload value may be expressed as 
follows: 


Serial_Loader_BaudRate = 


CrystalFrequency 
192 x (256 - Timer Reload) 


(timer-reload values attempted by 
the Loader: 
FE FE, FD, FC, FB, FA, F8, F6, F5, F4, 
F3, FO, EC, EA, E8, E6, EO, DD, D8, 
D4, DO, CC, CO, BA, BO, A8, AO, 98, 
80, 60, 40). 


The monitor program will attempt to 
use the indicated numbers for 
Timer1 Reload values, in order to find 
out which of these enables success- 
ful communication with the PC. 


Let’s get cracking! 


Having overcome any problems you 
may have experienced with the serial 
communication, the command 
prompt produced by the DS89C420 
invites you to get down to some seri- 
ous programming. Although the 
monitor program will recognize com- 
mands typed behind the prompt (see 
the section Command Line Interface, 
page 183 ff of the DS89C420 User’s 
Manual), Loader420 is a convenient 
alternative in that it makes all 
instructions accessible via menus 
and buttons. Simplicity and ease of 
use start here! 

Loader420 has a number of func- 
tions to inspect and edit memory 
areas, registers and general 
DS89C420 settings. However, its fun- 
damental function will be program- 
ming the on-chip Flash memory, 
with the ultimate aim of making the 
processor run our very own pro- 
grams. Loader420 expects a file that 
complies with the industry standard 
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Figure 5. The example application has been loaded into Flash memory. 


Intel Hex format, which is supported 
by most, if not all, assemblers and 
compilers. For our experiments we 
made use of an old assembler pub- 
lished as long ago as 1992 as part of 
our Short Course 8051/8032 Micro- 
controllers and Assembler. This 
assembler is still available on disk 
from our Readers Service under order 
number 1661. 

If an unwanted program is 
already present in the Flash memory 
of the DS89C420, it has to be 
removed first using Erase before a 
new application can be loaded. If 
you click on Load, a dialogue win- 
dow pops up that enables you to 
select the desired HEX file. 
Loader420 will program this file into 
the microcontroller, after which the 
object code can be executed by 
clicking on Run. This effectively 
causes DTR to be forced Low, caus- 
ing the microcontroller to quit moni- 
tor mode and start running the 
object code found in its Flash mem- 
ory, starting at address OH (i.e., the 
reset vector). 


A simple application: 
RAM testing 


The development board as dis- 
cussed here has no LEDs or other 


indicators that allow a simple test program to 
run a functional check on the hardware. The 
program described below writes into the 
external RAM, reads back the memory loca- 
tion last written to, and writes the address 
and its contents back onto your display. List- 
ing 1 shows the simple RAM test program 
which also indicates the proper functioning 
of the communications between the proces- 
sor and the external RAM device. 

As already mentioned in part 1 of this arti- 

cle, the speed of the DS89C420 is such that 
timing problems may arise in read or write 
operations to and from external memory 
devices. Fortunately, the controller allows 
external peripherals to be addressed at a rel- 
atively low speed. Three bits in the CKCON 
register can be used to ‘stretch’ a memory 
access cycle, and with it, the length of the 
signals RD WR, ALE and PSEN, thus allow- 
ing slower external memory devices to be 
used without problems. Once these bits are 
set up properly, everything is handled auto- 
matically and should not worry the program- 
mer. The process is described at length in a 
separate application note AN26, Ultra High- 
Speed Microcontroller Memory Interfacing, 
which may be found at 
http://dbserv.maxim-ic.com/app- 
notes.cfm?appnote_number=954. 
With most modern RAM ICs having access 
times of 100 ns and less (like the one sug- 
gested for use in position IC5) no problems 
are anticipated. 


49 


MICROCONTROUFR SSS 


50 


Listing I. Simple RAM-test. 


RAKE FILE RAMTEST.A5 1] 44 EKER KKK KEK KKK KKK kk kk k k KK kk k k kk kkk k k k k 


; Register addresses 


DPL EQU 082H ; DPTR, 2 registers 
DPH EQU 083H ; 

PSW EQU ODOH ; program status word 
ACC EQU OEOH ; accumulator 


PCON EQU 087H 
TCON EQU 088H 
TMOD EQU 089H 
TL1 EQU 08BH ; Timer1 registers 
TH1 EQU 08DH 
SCON EQU 098H 
SBUF EQU 099H 


DPS EQU 086H ; Data Pointer Select, SFR in DS89C420 


; reload for Timerl, baudrate generator 


V24SPD EQU 256-5 ; speed for V24 
r 
ORG 00H ; program runs from 00H (reset vector) 
AJMP START 
ORG 030H 
CNT1 DS 1 
ORG 200H 
START MOV PSW, #0 ; reset register banks 
MOV PCON, #080H ; SMOD=1 
MOV TMOD, #22H ; modes are timer 
MOV TH1,#V24SPD ; preload value 
MOV TL1,#V24SPD 
SETB TCON.6 ; start counter 
MOV SCON, #052H ; mode 1 , Enable receiver=10H 
MOV A,#0 


MOV DPH,A 
MOV DPL,A 
;The Data Pointer Select bits are set to use both DPTR’s 
;bit 5: toggle select, auto toggle between DPTR’s after MOVX 
;bit 4: AID, auto increment DPTR after MOVX 
;bit 0: SEL is set to select DPTR1, DPTRO is already initialised 
MOV A,DPS 
ORL A, #00110001B 
MOV DPS,A 
;now initialise DPTR1 
MOV A, #0 
MOV DPH,A 
MOV DPL,A 


LOOP MOV A,DPH ;#0AAH 


MOVX @DPTR,A ; Write using DPTR1 
MOV A,DPH 

ACALL BYTE 

MOV A,DPL 

ACALL BYTE 

MOV A,#':! 

ACALL SND 

MOVX A,@DPTR ; Read using DPTRO 
ACALL BYTE 


The example program writes and 
reads in external RAM with using 
not much more than the (expected) 
instruction MOVX. The length of the 
program is mostly due to the incor- 
poration of routines for the serial 
communication between the 
DS89C420 chip and Loader420 run- 
ning on the PC. The program may be 
divided into two parts: 


- configuring the serial port on the 
DS89C420 to enable it to communi- 
cate with the PC; 

- translating addresses and data 
into ASCII format so that they 
make sense when shown on a PC 
display. 


Both pieces of code have been 
derived from the monitor program 
written by M. Ohsmann for the pre- 
viously mentioned MCS51 course of 
1992. The routines necessary for the 
second function may be found 
towards the end of the listing, start- 
ing at the label BYTE. 


Serial port configuration 

The 89C420 being twelve times 
faster than its predecessors (at the 
same clock frequency) has no effect 
on the speed at which the internal 
timers are clocked (using standard 
settings and after a reset). That’s 
because the +12 prescaler is used 
for, among others, downward com- 
patibility with older processors of 
serial port configuration routines. 
Although the presence and use of 
the prescaler is nothing new since 
souped-up 8051 derivates have 
appeared, a short explanation may 
be in order to get it all to work prop- 
erly. 

Using the settings defined from 
the label START onwards, the rela- 
tion between quartz crystal fre- 
quency, baud rate and Reload value 
may be expressed as: 


Baudrate = crystal frequency / 
[(12 x 16) x (256—-Reload)] 


Assuming a crystal frequency of 
27 MHz is used, and a baud rate of 
28,800 bits/s is required on the 
DS89C420 (Loader420 setting), you'll 
find that the Reload value works out 
at 5 (Listing 1, definition of V24SPD). 
Obviously, this line is subject to edit- 
ing if you use a different crystal fre- 
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quency or a different baud rate in 


Loader420. ACALL CRLF 
MOV A, DPH 

Second datapointer CJNE A,#80H,LOOP 
Possibly a bit too much of a good FOREVER SJMP FOREVER 
thing in this simple application pro- 
gram, use is made of the extra 16-bit BYTE PUSH ACC ; send BYTE hexadecimal , destroy ACC only 
datapointer inside the DS89C420. SWAP A 
Pointer DPTRO, which is available on LCALL NIBBLE 
any MCS51 controller, is used for the POP ACC 
address we read from, while DPTR1 NIBBLE ANL A,#0FH 
points to the address to be written ADD A,#246 
to. Besides, the active datapointer is JC HEXOUT 
automatically incremented after the ADD A,#58 
MOVX instruction. Next, the alter- SJMP SND 
nate datapointer is selected (Toggle HEXOUT ADD A,#65 
Select bit). The high byte of DPTR1 SJMP SND 
is written into external RAM. p 

After address 7FFFH has been CRLF MOV A,#13 ; send a CRLF 
written to and read back into the LCALL SND 
processor, all memory locations in MOV A,#10 
IC5 have been dealt with and the LCALL SND 
program enters the endless loop RET 
called FOREVER. ; 


SND JNB SCON.1,SND ; must not destroy any reg 
CLR SCON. 1 


Conclusion NOW UA 

The DS9C420 is (1) a superb micro- CJNE A,#10,0K2 

controller, (2) 100% compatible with WAITCR MOV CNT1,#100 ; wait for slow scrolling terminals 
the ‘known good’ MCS51 controllers LOP1 MOV A,#255 

we've come to love so much, (3) 12 LOP2 DJNZ ACC,LOP2 

times faster than any of its prede- DJNZ CNT1,LOP1 

cessors and (4) sports internal Flash MOV A,#10 

memory for easy reprogramming. OK2 RET 

These and other features make the END 


microcontroller board described here 
eminently suited to developing new, 
exciting applications for 8051(-like) 


controllers. 
The number of additional features Bs090420 \ 
found on the DS89C420 is such that pvspncd Meroconeks Ee. fom 
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‘know it all’ are advised to obtain the eee ee 
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cation notes that may be found on i wom ae 
the Maxim/Dallas Semiconductor ee 
website. + were eee 
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